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Objectives. The aim of this study was to set up reference values
for Doppler flow-derived left ventricular filling parameters and to
evaluate physiologic determinants of changes in signal expression
related to maturation.
Background. In left ventricular diastolic function studies, age-
related modulations in signal expression are observed. Assuming
degenerative myocardial changes to be absent during childhood
and adolescence, the determinants of these modulations must be
different from those suspected in adults.
Methods. Pulsed wave Doppler signals from the mitral valve tip
region were recorded in 329 healthy subjects aged 2 months to 39
years. Multiple linear regression was used to evaluate statistical
relations between Doppler flow signals and stroke volume in the
mitral valve area.
Results. Increasing early filling time velocity integral through-
out maturation caused a decrease in atrial filling fraction from
0.34 6 0.06 to 0.24 6 0.04 (p < 0.005). Peak flow velocities during
atrial systole decreased from infancy to adolescence (66 6 15 to
41 6 10 cm/s). Main effects on signal modulation were caused by
heart rate, stroke volume and mitral ring area with a linear model
fit (R2) of 0.79 for early filling phase (E)-time velocity integral, 0.6
for atrial filling phase peak velocity 0.84 for total E duration and
0.73 for E deceleration time. Atrial filling phase-time velocity
integral, albeit significantly dependent on heart rate, was stable
throughout growth.
Conclusions. During infancy and childhood, the stroke volume
crossing the mitral valve is a main modulator for early filling
phase (E)-time velocity integral and diastolic time intervals
during early filling, whereas atrial filling phase parameters are
mainly dependent on heart rate. This results in a more pro-
nounced atrial filling during infancy and childhood.
(J Am Coll Cardiol 1998;32:1441–8)
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In healthy adults, diastolic parameters of left ventricular filling
undergo changes with aging (1,2) that are attributed to physi-
ologic degenerative myocardial processes and which have to be
taken into account in the judgment of diastolic function (3).
Apparent modulations in echocardiographic diastolic flow
pattern and flow duration have also been observed from fetal
life throughout infancy and childhood (4–7). It has been shown
that maturational modulations in early filling time integral and
peak flow velocity during atrial systole can be correlated to
body surface area, age and heart rate, but the basic physiologic
and morphologic determinants for the expression of diastolic
flow parameters have not yet been evaluated systematically.
With the assumption that in healthy subjects at least from late
infancy through the second decade of life intrinsic myocardial
factors do not change greatly, the driving forces of the ob-
served changes in signal expression must be different from
those reported in adults.
Therefore, beyond the drawing up of centile charts for
echocardiographic left ventricular flow parameters from in-
fancy to young adulthood, the objectives of the study were the
evaluation of anatomic and physiologic determinants related to
changes in signal size and duration during maturation. In this
study, we tested the hypothesis that changes in the stroke
volume crossing the mitral valve play a significant role in signal
expression.
Methods
Out of 320 prospectively investigated healthy subjects aged
2 months to 19 years, 281 data sets fulfilled qualitative stan-
dards to be entered in a database for reference values of
diastolic left ventricular function. All healthy subjects visited
our outpatient department for the final clearing up of innocent
heart murmurs. Exclusion criteria were any abnormalities in
the patient’s history possibly interfering with normal circula-
tory function, as well as pathologic findings during physical
examination in the electrocardiogram or in the echocardio-
graphic examination. Furthermore, data sets were rejected due
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to incomplete data acquisition and the lack of qualitative
criteria defined by the inability to adjust the Doppler volume to
a position as defined below. Probands were examined in a quiet
resting state without prior sedation. Infants were allowed to be
bottle fed during the examination. A further 48 data sets of 50
examinations performed in healthy volunteers aged 20 to 39
years were investigated to observe data continuity into adult-
hood. The same exclusion criteria were applied to this group.
These probands had additional uneventful bicycle stress testing
and Holter monitoring. Informed consent was obtained from
the participants and/or their parents.
Data acquisition. All investigations were performed on a
Hewlett Packard cardiologic ultrasound system 77020AC using
transducers of 2.5 MHz, 3.5 MHz or 5 MHz as appropriate for
the given patient. The examination procedure was restricted to
three well-trained investigators (LS, HK, KB). Measurements
were recorded on videotape for off-line evaluation. Investiga-
tions from parasternal long axis view, short axis view and apical
4-chamber view were performed in a recumbent left lateral
position. The aortic arch was examined from the suprasternal
notch, the atrial septum and the venous and arterial vessel situs
from substernal view. Color Doppler imaging was performed
to detect more than physiologic valvular regurgitation or vessel
stenoses. The mitral valve ring diameter during diastole was
measured from the apical 4-chamber view.
During pulsed wave Doppler examinations of diastolic left
ventricular filling, the sample volume was positioned in the mitral
valve tip region. No angle correction was applied and the Doppler
sample was positioned to within 615° of the central inflow stream
verified by color Doppler imaging. No wall filter was applied and
the signal amplification switch was set to be optimized automat-
ically by the echocardiography system. An electrocardiographic
trace was recorded simultaneously with the echocardiogram at a
“chart speed” of 100 mm/s.
Data evaluation. Measurements were performed from
video recorded signals using the software of the echocardiog-
raphy system. Data were examined by a single investigator
(LS). For the assessment of intraobserver variability, 20 of the
original data sets were randomly chosen for reinvestigation.
These 20 data sets were also examined in a blinded manner by
another investigator (HK) to assess interobserver variability.
To assure that identical signals were reinvestigated we used the
videotape time tracks and visual comparison of paper off-prints
concurrently. For Doppler tracings in the mitral valve area, the
measurements of six consecutive heart cycles were averaged,
regardless of the proband’s respiratory cycle. Doppler indices
were calculated using the averaged data of its constituents.
Diastolic function parameters. Peak flow velocities and
time velocity integrals during early ventricular filling and
during atrial filling, total time of early filling and atrial filling,
the acceleration time and deceleration time of early filling
were measured from signals of the same cardiac cycle. Ratios
were calculated for peak flow velocities and for time velocity
integrals. The relation of atrial to total ventricular filling was
calculated as: AFF 5 A-TVI/(E-TVI 1 A-TVI), where AFF 5
atrial filling fraction, A-TVI 5 atrial filling phase time velocity
integral and E-TVI 5 early filling phase time velocity integral.
E- and A-wave parameters were measured and calculated
using the implemented software of the echocardiography
system by manually tracing digitized envelopes around the
Doppler flow signal starting and ending at zero flow level. In
case of signal superimposition, the E-TVI and the according
time intervals were measured by manual extrapolation of the
deceleration slope through the A wave or through diastasis
flow to the zero flow line. When E and A waves were
separated, the onset of the A-TVI was defined either as the
visible intercept of the Doppler shift signal on the zero flow
line or by manual extrapolation of the signal through diastasis
flow to the zero flow line. In the case of signal superimposition,
the A wave was not extrapolated backward through the E
wave, but the point on the x axis corresponding to the Doppler
shift intersection was then defined as the onset of atrial filling.
To measure A-TVI, a normal-to-the-zero flow line was plotted
through the early flow signal starting at the signal intersection
and, after reaching the free Doppler shift signal, the trace was
completed as usual. The technique for obtaining time velocity
integrals and time intervals is illustrated in Figure 1.
Data reproducibility. Interobserver variability expressed as
correlation coefficients between measurements of two investi-
gators yielded R 5 0.98 for early filling phase peak velocity
(Evmax), R 5 0.94 for E-TVI, R 5 0.99 for atrial filling phase
peak velocity (Avmax), R 5 0.95 for A-TVI, R 5 0.9 for early
filling acceleration time, R 5 0.93 for early filling deceleration
time and R 5 0.89 for atrial filling time. The error was random
and no systematic trend was observed. Intraobserver variability
was generally lower than interobserver variability with corre-
lation coefficients R 5 0.98 for Evmax, R 5 0.96 for E-TVI, R 5
0.99 for Avmax, R 5 0.97 for A-TVI, R 5 0.95 for early filling
acceleration time, R 5 0.95 for early filling deceleration time
and R 5 0.93 for atrial filling time. Thus overall reproducibility
was sufficient in our echocardiographic laboratory.
Mitral valve size, cardiac output and left ventricular mus-
cle mass. To investigate the influence of the mitral valve size
and cardiac output on flow parameters, the valvular ring
diameter and total time velocity integral during diastole were
measured from the apical 4-chamber view. Stroke volume (SV)
and cardiac index were calculated both from the mitral valve
Doppler signals, including diastasis flow (in all cases), and
Abbreviations and Acronyms
A-TVI 5 atrial filling phase time velocity integral
Avmax 5 atrial filling phase peak velocity
AFF 5 atrial filling fraction
E-TVI 5 early filling phase time velocity integral
Evmax 5 early filling phase peak velocity
E/A-
TVI
5 ratio of early to atrial filling phase time velocity integrals
E/Avmax 5 ratio of early to atrial filling phase peak velocities
MM 5 muscle mass
SV 5 stroke volume
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additionally using Dodge’s single plane area-length method in
the 4-chamber view in a subset of 62 probands. Doppler-
derived SV was the product of mitral ring area 3 time velocity
integral of total diastole. Mitral ring area was calculated from
the mitral ring diameter derived from the 4-chamber view
using the equation area 5 p 3 r2 where r is half the diameter.
Cardiac index was calculated as SV 3 heart rate/body surface
area. Stroke volume derived from two-dimensional echocar-
diogram was calculated by subtracting end systolic volume
(ESV) from the end diastolic volume (EDV) using the equa-
tion for EDV 5 (8/3p) 3 (ventricular area in diastole2/
ventricular length in diastole) and for ESV 5 (8/3p) 3
(ventricular area in systole2/ventricular length in systole).
Stroke volume calculations from total time velocity integral
and from two-dimensional echocardiogram showed a linear
correlation with a correlation coefficient of 0.88. Comparing
both methods in the abovementioned subset of the study
group, a uniform 40% overestimation along the whole band-
width of stroke volumes was obtained with the Doppler-
derived volumes.
Left ventricular muscle mass (MM) was calculated from
M-mode data following the recommendations of the American
Society of Echocardiography with the exception that the
correction factor (214 g) was omitted, which is a common
practice in infants and children to prevent underestimation of
MM in the young (8,9): end diastolic MM 5 1.04 3 ([internal
ventricular dimension 1 interventricular septum dimension 1
posterior wall thickness]3 2 internal ventricular dimension3) g.
Statistical methods. Statistical Package for Social Sciences
(SPSS) for Microsoft Windows 6.0 was used. Median values
and percentiles or means and standard deviations were calcu-
lated for each parameter. After visual analysis of scatter plots
and regression curves, the choice of an appropriate division of
the study population into age-related subgroups was based on
one-way analysis of variance (ANOVA). The statistical influ-
ence of underlying physiologic and morphologic parameters
(independent variables) on diastolic flow parameters
(dependent variables) was evaluated by multivariate ANOVA.
Model fit was verified by joint multivariate Bonferroni tests.
Multiple stepwise linear regression was performed to obtain
regression equations (mean values and 95% confidence inter-
vals) of all normally distributed diastolic flow parameters and
time intervals. Normal distribution of parameters was tested by
Kolmogorov–Smirnov’s goodness of fit test. A complete resid-
ual analysis including Durbin–Watson statistics was performed
to reconfirm the validity of the applied model. Statistical
significance was assumed at an error level of 5%.
Results
Age-related reference values of left ventricular filling.
Data of all 329 probands were analyzed to draw age-related
centile charts. Most of the physiologic and anatomic determi-
nants with presumed influence on diastolic function parame-
ters are significantly different between subgroups from infancy
through adolescence (Table 1).
E-TVI (Fig. 2) increases from the second month of life up
to 19 years of age with statistically significant differences
between adjacent age groups. Evmax (Fig. 3) is stable between
the age groups from infancy to adolescence. But Evmax in-
creases significantly (p , 0.01) from 62.9 6 13 cm/s in infants
younger than 4 months to 88 6 11 cm/s in 7- to 24-month old
infants. Increasing heart rate, and by this superimposition of E
and A waves, has no significant impact on the expression of
early filling signals.
A-TVI (Fig. 4) remains generally stable with slightly in-
creasing tendency, but with statistically insignificant changes
between adjacent age groups. Superimposition of early and
atrial filling signals due to tachycardia cause a significant shift
of A-TVI to the upper quartile level of the entire study
population only in age groups 3 and 4. Avmax (Fig. 5) falls
significantly during infancy and childhood and then remains at
a stable level up to 19 years of age. In age groups 3 and 4 the
maximum velocity of atrial filling increases with higher heart
rates to values beyond the upper quartile of the centile chart.
As a result of parameter modulations of their constituents,
the ratios of early to atrial phase parameters (E/A-TVI, Fig. 6
and E/Avmax, Fig. 7) and the atrial filling fraction (AFF, Fig. 8)
undergo significant changes throughout maturation. The im-
pact of heart rate on the atrial filling signal influences the
percentile distances in age groups 3 and 4.
Due to E- and A-wave superimposition with higher heart
rates, diastasis flow was absent in 87.5% of the infants, 65% of
children aged 2 to 5 years, 35% of children aged 6 to 13 years
and 21% of subjects aged 14 to 19 years.
Determinants of diastolic function. Using multivariate
analysis (Table 2) and multiple stepwise linear regression
(Table 3), we investigated the statistical influence of the six
independent variables—heart rate, stroke volume, mitral ring
area, left ventricular MM, age and body surface area—on
Figure 1. Measurement procedure for diastolic flow parameters and
time intervals. The densely patterned polygon is the part of the total
time velocity integral that was chosen for calculations of A-TVI in case
of signal superimposition. The terminal part of E-TVI is extrapolated
as a straight line continuing the terminal visible deceleration slope
down to zero flow.accel 5 acceleration, decel 5 deceleration, tE 5
early ventricular filling time.
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diastolic flow parameters and time intervals. When the study
group was truncated at the age of 19 years, statistical analysis
revealed a linear model to be appropriate for the description of
parameter movements throughout growth and maturation.
Linear regression was not performed with the ratios of time
velocity integrals and peak velocities and in total diastole and
diastasis duration because these variables were not normally
distributed. Likewise, the acceleration time of early ventricular
filling was eliminated due to its linear dependency on total
early filling duration. For all the variables included, normalized
residual plots closely followed the identity line with a maxi-
mum error of 5% observed in early filling peak velocity.
Durbin–Watson coefficients had a mean of 2.03 (minimum 1.79,
maximum 2.21), indicating the absence of autocorrelation.
With E-TVI and Avmax, correlation coefficients are high and
the applied model explains 79% and 60% of the observed
developmental changes, respectively (Table 3). Heart rate, SV
and mitral ring area are factors of high impact on all flow
parameters. Age, body surface area and left ventricular MM,
although part of the model, are either completely excluded by
regression analysis or exhibit a statistically negligible influence
on flow variables.
A multiple linear regression model including only heart
rate, age and body surface area as variables yielded R2s with a
maximum of 0.56 in E-TVI for the flow parameters and a
maximum of 0.68 in early filling deceleration time for the
diastolic time intervals.
Diastolic time intervals are mainly determined by heart rate
(Table 2). Stroke volume influences to a moderate extent total
duration and deceleration time during early filling, and mitral
ring area influences considerably total early filling time and
early filling deceleration time.
Discussion
This study provides reference values for age-related
changes in diastolic left ventricular flow parameters from
infancy to young adulthood. Furthermore, we were able to
Figure 2. Centile chart of early ventricular filling time velocity integral
(E-TVI). Numerical values are displayed in the table. The asterisk in
the table labels median, P5 and P95 of infants aged 2 to 5 months (n 5
42). P 5 percentile.
Figure 3. Centile chart of early ventricular filling peak flow velocity (E
Vmax). Numerical values are displayed in the table. The asterisk in the
table labels median, P5 and P95 of infants aged 2 to 5 months (n 5 42).
P 5 percentile.
Table 1. Physiologic Parameters in Normal Subjects From the Age of 2 Months Up to 19 Years: Comparison of Median (Range) or Mean 6
SD Values Between Age Groups
Age Group 1 Age Group 2 Age Group 3 Age Group 4
,2 years 2 to 5 years 6 to 13 years 14 to 19 years
n 81 93 82 25
Male/female 44/37 49/44 42/40 15/10
Age (yr) 0.5 (0.1–1.8) 4.1 (2.3–5.4)* 9.3 (6.2–13.5)* 15.6 (14.2–19.1)*
Weight (kg) 7.1 (3.5–12.9) 16.6 (12.0–22.2)* 32.5 (21–56)* 61 (39–74)*
Height (cm) 70 (50–89) 105 (88–118)* 134.5 (118–165)* 174 (149–187)*
BSA (m2) 0.4 (0.18–0.57) 0.7 (0.53–0.83)* 1.1 (0.84–1.6)* 1.7 (1.3–1.94)*
HR (bpm) 137 (103–169) 100 (82–120)* 82 (58–100)* 72 (51–104)*
MVA (cm2) 1.8 6 0.62 3.2 6 0.69* 4.9 6 1.29* 6.6 6 2.19*
CI (L/m2/min) 5.83 6 1.56 5.83 6 1.22 ns 4.95 6 1.27* 4.2 6 1.38*
SV/MVA (ml/cm2) 9.89 6 2.33 12.58 6 1.94* 13.83 6 2.18 ns 15.12 6 2.41†
MMI (g/m2BSA) 53.6 6 8.9 59.4 6 10.5* 68.5 6 14* 80.8 6 19.5*
* 5 p , 0.05, ns 5 change vs. previous group not significant; † 5 significant differences to age groups 2 and 3. BSA 5 body surface area; CI 5 cardiac index; HR 5
heart rate, MMI 5 muscle mass index; MVA 5 mitral valve area; SD 5 standard deviation; SV 5 stroke volume.
1444 SCHMITZ ET AL. JACC Vol. 32, No. 5
LV DIASTOLIC FUNCTION IN CHILDHOOD November 1, 1998:1441–8
demonstrate that the observed changes in signal strength and
duration are statistically correlated with parameters describing
the flow-to-gate relationship at mitral valve level. The fact that
heart rate in conjunction with mitral valve size and SV explains
a high percentage of the observed signal modulations during
early and atrial filling demonstrates their basic physiologic
impact on left ventricular filling mechanics in children.
In adults a continuous shift from passive ventricular to
active atrial ventricular filling can be observed. Most investi-
gators attribute these changes to degenerative processes of the
left ventricular myocardium with an apparent loss of compli-
ance and increasing myocardial stiffness with aging. While in
healthy adults there is little or no change in the morphologic
(body surface area, heart size) and physiologic (heart rate,
cardiac output) prerequisites (1,3), during infancy, childhood
and adolescence both morphologic and physiologic conditions
undergo permanent changes, and a shift in parameter expres-
sion with age opposite to that observed in adults has been
reported by several investigators (3–6,10,11).
With our regression model all variables can be obtained
simultaneously during the echocardiographic investigations
and they are all directly or indirectly involved in left ventricular
filling mechanics. We have been able to demonstrate that from
infancy through adolescence the observed modulations in
signal strength and duration are not only correlated with
changes in heart rate, but also with changes in mitral valve size
and SV if one accounts for the interaction of the parameters,
Figure 4. Centile chart of atrial filling phase time velocity integral
(A-TVI). Numerical values are displayed in the table. The dashed lines
represent P90 and P10 in the subpopulations with (EA) and without
(E_A) signal superimposition. Increasing heart rate (HR1) influences
parameter expression in age groups 2 through 4. P 5 percentile.
Figure 5. Centile chart of atrial filling phase peak flow velocity (A
Vmax). Numerical values are displayed in the table. The dashed lines
represent P90 and P10 in the subpopulations with (EA) and without
(E_A) signal superimposition. Increasing heart rate (HR1) influences
parameter expression in age groups 3 through 5; decreasing heart rate
(HR2) has an impact on age group 1. P 5 percentile.
Figure 6. Centile chart of the quotient of early to atrial filling phase
time velocity integral (E/A-TVI). Numerical values are displayed in the
table. The asterisk in the table labels median, P5 and P95 of infants
aged 2 to 5 months (n 5 42). The dashed lines represent P90 and P10
in the subpopulations with (EA) and without (E_A) signal superim-
position. Increasing (HR1) or decreasing heart rate (HR2) influ-
ences parameter expression in age groups 2 through 5, P 5 percentile.
Figure 7. Centile chart of the quotient of early to atrial filling phase
peak flow velocity (E/A Vmax). Numerical values are displayed in the
table. The asterisk in the table labels median, P5 and P95 of infants
aged 2 to 5 months (n 5 42). The dashed line represents P90 in the
subpopulation with high heart rates and signal superimposition (EA).
Decreasing heart rate (HR2) influences parameter expression in age
groups 2 through 5. P 5 percentile.
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whereas a statistical model including heart rate, age and body
surface area has only poor explanatory power.
Early filling phase. Early filling time velocity integral is
most strongly directly related to SV and inversely related to
mitral ring area. The SV per unit mitral ring area increases
with age by almost 50%, and thus could be the physiologic
prerequisite for the observed changes in signal expression.
Assuming that beyond infancy myocardial stiffness and the end
systolic volume index of the left ventricle remain stable, the
higher SV crossing the atrioventricular junction explains most
of the increase in time velocity integral. Weak influences are
related to heart rate, which agrees with previous findings in
healthy adults (10,11).
Atrial filling phase. Heart rate and cardiac output cause
major contributions and are directly correlated with peak A
velocity, whereas mitral ring area is inversely correlated with it,
adding only moderate-to-weak contributions to the modula-
tions of peak flow during atrial systole. This observation,
especially the high impact of heart rate on peak flow velocity,
is in accordance with previously published data in children and
adults (7,12,13). In contrast to the early filling parameters, we
could not observe different parameter slopes between early
and late infancy.
Ratios and atrial filling fraction. During infancy, E/Avmax
and E/A-TVI are of a magnitude comparable to those in
healthy 50- to 70-year-old adults. The strongest and virtually
only determinant of these changes is heart rate, which is
inversely related to both quotients. Atrial filling fraction
exhibits a mirror image of the two quotients with a strong
positive influence of heart rate. In infants, active atrial contri-
bution to ventricular filling is physiologically higher than in
adolescents. This fact is of importance for the treatment of
heart failure during infancy. The coincidence of pump failure
and cessation of normal sinus rhythm, which is frequently
encountered at least temporarily after cardiac surgery, will
therefore be poorly tolerated by infants and younger children.
Diastolic time intervals. Diastolic time intervals have
strong correlations with heart rate. Stroke volume and mitral
ring area are directly correlated to the total duration, acceler-
ation and deceleration time of early ventricular filling, whereas
the atrial filling time is an exclusive function of heart rate. The
observation that total duration and relaxation time of early
ventricular filling are partly dependent on mitral ring area and
SV agrees with theoretical considerations and fits previously
reported computer simulation studies (14).
Early infancy and parameter expression. In the first 6
months of life, intrinsic myocardial changes may probably play
a major role in early filling signal expression. A rapid shift of
both peak velocity and time velocity integral has also been
observed in human fetuses between 18 and 38 weeks of
gestation (15). Our results demonstrate a continually increas-
ing early filling peak velocity up to an age of 6 months when a
steady-state level is reached up to adolescence. This observa-
tion could in part be explained by changes in myocardial
relaxation or other diastolic properties of the left ventricle.
Atrial filling phase parameters in healthy infants obviously do
not depend on these presumed changes in myocardial perfor-
mance. Surprisingly, for all other parameters, including E/A
ratios and AFF parameters, variability is lower in early and late
infancy as compared to older subjects. Thus, studies in the
infant are not at all less reliable when the investigation can be
performed properly.
Limitations of the study. The fact that 41 out of 370 data
sets had to be rejected was due to the inability to fulfill our
measurement standards in regard to proper positioning of the
sample volume or the inability to record clearly distinguishable
E- and A-wave signals. Almost exclusively this situation was
Figure 8. Centile chart of the atrial filling fraction (AFF). Numerical
values are displayed in the table. The asterisk in the table labels
median, P5 and P95 of infants aged 2 to 5 months (n 5 42). The dashed
line indicates P90 in a subgroup with signal superimposition (EA).
Increasing heart rate (HR1) influences parameter expression in age
groups 3 and 4. P 5 percentile.
Table 2. Multivariate Analysis of Diastolic Flow Parameters and
Time Intervals in Normal Subjects from the Age of 2 Months up to
19 Years (n 5 281)
HR SV MVA MM
E-TVI 20.376 1.698 21.109 0.319
A-TVI 0.639 1.285 20.919 —
E/A-TVI 20.777 — — —
AFF 0.832 — — —
Evmax — 1.830 21.097 —
Avmax 1.013 0.719 20.416 —
E/Avmax 20.946 — — —
t E 20.596 0.553 20.317 —
t Eacc 20.368 — — —
t Edec 20.636 0.694 20.405 —
t A 20.686 0.551 20.395 —
Standardized correlation coefficients (beta values) are listed to delineate
relative power of independent variables on flow parameters. Empty cells (—)
indicate insignificant influence (p , 0.05). Age and body surface area have no
significant influence on any dependent variable. A 5 atrial filling phase; acc 5
acceleration; dec 5 deceleration; E 5 early filling phase; HR 5 heart rate;
MM 5 left ventricular muscle mass; MVA 5 mitral valve area; SV 5 stroke
volume; t 5 duration.
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encountered in infants and toddlers due to a combination of
high heart rate and unstable Doppler sample position.
The measurement technique for filling time velocity inte-
grals in the case of signal superimposition has been used in
many different ways. Because it is impossible to decide which
part of the signal truly belongs to early or atrial filling, we had
to make arbitrary decisions. The extrapolation of the early
filling time velocity integral through the atrial filling signal can
be justified by the fact that median values and percentiles in
the subgroups with and without superimposition of the signals
are identical. Our approach to atrial time velocity integrals was
led by technical considerations. The time velocity integral is by
definition the integral of velocities during a physiologically
defined flow period and implies that a measurement starts and
ends with zero flow. Therefore, with the use of the commer-
cially implemented software packages in echocardiography
machines, tracing the A-TVI back along the extrapolated
downslope of E-TVI is impossible. On the other hand, if there
are arguments for the extrapolation of E-TVI through A-TVI,
we had to choose the smallest measurement error in favor to
E-TVI, being aware that signal superimposition implies a
systematic error in the measurement of true A-TVI.
Comparing SV calculations made by the Doppler method
with those derived from a single plane area length method, we
found a uniform overestimation along the whole bandwidth of
SVs. This is due to the inability of simultaneous time velocity
integral recordings at mitral ring level and at the mitral valve
tip region. We are also aware that the mitral ring area is not
identical with the functional mitral valve opening area. But, as
these combined systematic errors only lead to a parallel shift of
the regression curves without affecting their gradients, it would
not prevent using either volume for multiple regression. Con-
sequently, we decided to use Doppler-derived volumes because
only they allow simultaneous flow-to-signal correlation.
The probands were investigated in a quiet, nonsedated
state. Therefore, the reference values are representative only
for this typical clinical situation. Special attention should be
paid to excesses in heart rate which will very probably influence
the expression of atrial flow parameters. No attention could be
paid to triggering the signals to distinct phases of the respira-
tory cycle (16). As we have averaged signals from six consec-
utive heart cycles for the evaluation of each parameter, our
values represent a random choice of signals representative for
an intermediate position between the end points of the respi-
ratory cycle. We strongly recommend performing this averag-
ing procedure when the centile charts are used.
Conclusions. This study provides age-related reference val-
ues of left ventricular diastolic flow parameters in childhood
and adolescence. The advantage of the age reference lies in the
continuity of data observation into adult age. Beyond infancy
up to the age of 20 years there is little evidence that intrinsic
factors of myocardial function play a major role in diastolic left
ventricular function. Statistical evidence supports our hypoth-
esis that the changing flow-to-gate relationship during matu-
ration plays a major role in the modulation of signal strength
and duration. Cardiac output and mitral ring area are signifi-
cant determinants, especially relevant in modulating the time
velocity integral during early ventricular filling. To a lesser
degree these determinants also influence peak flow velocities
during atrial filling, which is mainly correlated with heart rate.
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